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I. INTRODUCTION 
Honey bees, Apis mellifera L. , are subject to various brood diseases 
of which American foulbrood, ^  caused by Bacillus larvae White, is one of 
the most important. Once this disease has been contracted, the colony 
of honey bees usually succumbs to its ravages and then becomes a source 
of infection for the entire apiary. 
Because of the increasing value of honey bees in agriculture, investi­
gations in diseases of honey bees have become more important during 
the last two decades. The greatest value of the honey bee is in the 
pollination service it renders to seed and fruit growers. To the bee­
keeper, the honey bee is valuable for the honey and wax it produces. 
Because of its mode of reproduction, the ease of rearing large numbers, 
and its social organization, the honey bee is also a valuable organism for 
research in pathology, physiology and genetics. 
Despite the great advances made in the control of American foul-
brood through the uses of antibiotics and chemotherapeutics, a more 
satisfactory approach seems to be in the realm of genetics as has been 
found in other animals and plants (Gowen, 1948, 1951; Walker, 1951). 
Substantial advances have been made in the breeding of honey bees 
American foulbrood may occasionally be abbreviated to the letters 
AFB in this dissertation. 
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resistant to this brood disease. Successful breeding for disease 
resistance is, to a great extent, dependent upon adequate testing with 
the pathogen. Although considerable work has been done on the various 
techniques of inoculating a colony of honey bees with American foul­
brood, there is little information on the dosage response. The number 
of Bacillus larvae spores in a treatment necessary to kill more than a 
trivial percentage of the brood has not been determined. Experimental 
work reported herein was designed to study the responses of colonies 
of honey bees when subjected to various dosage levels of the pathogen. 
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H. REVIEW OF LITERATURE 
Natural contamination of honey-bee colonies with American foul­
brood occurs when spore-laden honey is brought into the hive by honey 
bees pilfering a diseased colony. To produce disease in a colony of 
honey bees, four different methods have been used by research workers. 
One of the techniques for inoculating a colony with American foul­
brood was developed by Tarr in 1937. This method consists of spraying 
brood combs, containing young larvae, with an aqueous suspension of 
spores. Tarr (1937) noted that spraying the combs was more effective 
in producing the disease than feeding spores in sugar syrup to the 
colonies. Woodrow (1941a) also had good success with the spray 
method. Although this method of contaminating a colony was effective 
it was impossible to know the number of spores that actually reached 
the larval food. 
Another method for infecting a colony was employed by Park in 1935 
and subsequent years. This method consists of "removing a rectangular 
section from the center of a comb of healthy brood and inserting in its 
place a rectangle of comb containing not less than 75 scales of American 
foulbrood. " (Parkel^al. , 1939, p. 402). The comb insert method was 
found to be fairly satisfactory and gave a high percentage of infection in 
test colonies. An objection to this technique of disease inoculation is 
that it is different from the natural mode of disease transmission. 
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Furthermore, aside from being a time-consuming and messy procedure, 
the amount of infectious matter in each rectangular section is difficult 
to control. Nevertheless, this method was adequate to initiate disease 
in colonies to be tested for disease resistance, and by its use, Park 
(1937) found that resistance to American foulbrood exists in honey bees. 
A third method for infecting the honey-bee larvae involves the con­
tamination of larval food by placing a spore suspension into individual 
cells by means of a micro-syringe. This method of infecting individual 
larvae apparently was initiated by Toumanoff (1929) and subsequently 
used by Sturtevant (1932) and Tarr (1938). These investigators experi­
enced considerable difficulty in obtaining an infection by this method. 
Such difficulty led Tarr (1937) to suggest that adult bees acted as 
vectors in initiating the disease. Sturtevant (1930), on the other hand, 
favored the spore-dormancy hypothesis. In this connection, Sturtevant 
(1930, p. 456) postulated that "a certain initial mass of spores is neces­
sary to start vegetative growth. " Conversely, Woodrow (1942), who 
also used the individual-inoculation method, estimated that a single 
spore was sufficient to cause infection. This investigator (Woodrow, 
1941a) found, in addition, that honey-bee larvae were most susceptible 
to Bacillus larvae spores during the first 24 hours of larval life and that 
older larvae were less susceptible. The individual-inoculation method 
affords good control of the inoculum and furthermore permits repeated 
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observation of the treated larvae. This method is, however, very 
tedious and time-consuming. 
A fourth method for inoculating a colony of honey bees with AFB 
probably was used first by White (1907). This method consists of 
feeding a known quantity of spores of Bacillus larvae in sugar syrup to a 
colony of honey bees. This method of contaminating a colony has been 
used by a number of investigators and appears to have the following 
advantages: (1) It is simple, and it resembles the natural mode of 
disease introduction. (2) Uniform dosages are possible. (3) The spores 
may be obtained from different sources and combined. (4) The complete 
contamination of the hive and its food supply appears almost certain. 
Sturtevant (1932) conducted some dosage studies using this method of 
inoculation. From his observations it appears that the minimum infective 
dose is about 50, 000, 000 spores of Bacillus larvae in one liter of 50 per 
cent sugar syrup. For testing purposes, Sturtevant recommends a 
dosage 10 times the minimum infective dose or about 500 million spores 
per liter. This recommended dosage level was used with varying results 
by Park £t al. (1939) who found it unreliable, probably due to the influence 
of some environmental factors. Woodrow (1941b) also used this dosage 
level in syrup and reported that it failed to produce the disease in some 
of his colonies. Other research workers used this method of infecting 
honey-bee colonies but employed different concentrations of the pathogen 
(Gochnauer, 1953; Katznelson and Jamieson, 1953). 
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Natural resistance to disease may affect the outcome of any dosage-
mortality study. In recent years, disease resistance in honey bees to 
American foulbrood has been investigated. Such studies received con­
siderable impetus from the investigations of Park (1936). This observer 
established that disease resistance to AFB was a reality and, more 
important, that it was heritable. Since then, a number of research 
workers, employing various inoculation techniques and various concen­
trations of the pathogen have studied disease resistance in honey bees. 
At present, three distinct mechanisms appear to confer disease 
resistance in honey bees. 
1. Hygienic behavior of adult honey bees, with respect to diseased 
larvae, was studied by Woodrow (1941b), and by Woodrow and Hoist 
(1942). These research workers found that nurse bees from resistant 
colonies were able to detect infected larvae at an early stage and remove 
them. Because the pathogen is non-infective in the vegetative stage 
(Tarr, 1937) this behavior of the nurse bees presumably would result in 
progressive elimination of the pathogen from the colony. Hygienic 
behavior was not entirely satisfactory to explain why certain colonies 
did not develop the disease even after repeated high inoculations. 
2. The possibility of larval resistance was investigated by Woodrow 
(1941a, 1942). He found that honey-bee larvae from resistant as well as 
from non-resistant colonies were equally susceptible to the pathogen. 
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Hitchcock (1956), in a more recent study, saw no evidence of larval 
resistance in bees. On the other hand, Rothenbuhler and Thompson 
(1956) established that three genetically different strains of honey bees 
did exhibit differential larval resistance. 
3. Another mechanism was reported by Sturtevant and Revell (1953). 
They noted that resistant colonies removed a high percentage of Bacillus 
larvae spores from infected sugar syrup. Less resistant colonies 
removed a lesser number of spores from the syrup. They attributed 
the removal of spores from the infected syrup to the honey stopper 
mechanism of the adult bees. The honey stopper mechanism refers to 
the mouth of the proventriculus which is lined with numerous small hairs 
that filter out pollen grains and other material present in honey or 
nectar (Snodgrass, 1956). Bailey (1952) found that the efficiency of 
filtration by the proventriculus is affected by the volume of fluid within 
the honey stomach, the size of particles in suspension and their concen­
tration. Working from a different approach than Sturtevant and Revell 
(1953), Thompson (1955) independently found in 1953 that resistant nurse 
bees apparently protected the larvae from AFB in an unknown manner. 
The pathogen was fed to resistant and non-resistant adult bees nursing 
genetically similar larvae. Larvae nursed by susceptible bees suffered 
significantly greater mortality. Thompson kept the infected syrup 
stored by both resistant and non-resistant colonies and fed this to 
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susceptible colonies during 1954. He noted that stored syrup obtained 
from the resistant colony produced less disease than honey from the 
non-resistant colony. He later interpreted this as favoring the spore-
removal mechanism although other possibilities were not excluded 
(Thompson, 1955). 
Surprising as it may seem, these three or four mechanisms of 
disease resistance have been discovered even though little information 
on dosage response was available. Work on responses to various dosages 
of Bacillus larvae is greatly needed in honey-bee investigations. Appar­
ently, Sturtevant (1932) was the only investigator to report on dosage 
studies. Unfortunately, he recorded his results in terms of contaminated 
or uncontaminated colonies with no effort toward being more quantitative. 
Furthermore, his highest dosage level did not exceed 5x10^ spores fed 
in one liter of sugar syrup. 
It seems that no data have been published on quantitative dosage 
response in honey bees. Such information would have considerable 
practical value in a program of breeding for disease resistance, or 
for susceptibility, in the honey bee. 
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III. MATERIALS AND METHODS 
This experiment was designed primarily to obtain information on 
the relationship of various dosage levels of Bacillus larvae spores to 
the amount of AFB produced in colonies of honey bees. As shown in 
Figure 1, four trials were conducted at different dates. Six or seven 
dosage levels (treatments) were used in each trial and. usually, there 
were two tests in each treatment. Trials 1, 2, and 3 were conducted at 
Ames, Iowa, whereas Trial 4 was carried out at Brandon, Manitoba. Each 
underlined number or letter in Figure 1 represents a test colony of 
honey bees made up for the experiment. 
A. Materials 
1. Equipment 
In all cases, either known disease-free or recently sterilized 
equipment was used in this investigation. Combs were selected for 
regularity and uniformity of worker cells. The selection of combs in 
which brood had not been reared was to facilitate disease diagnosis and 
also to minimize the possibility of outside contamination. 
To direct the queen to lay eggs in these experimental combs, special 
comb cages were employed. These comb cages were designed to enclose 
one Hoffman frame. The sides of this comb cage were made of queen-
excluder screens which permitted the passage of worker bees but 
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TREATMENT 
TRIAL 1: JUNE 27 - JULY 26, 1955 
TEST 1 7_19 _715 7 2 2  733 742 721 
TEST 2 728 748 740 212 111 
TEST 3 741 
TRIAL 2: JULY 16 - AUGUST 14, 1955 
TEST 1 739 746 7 2 5  7 4 0  221 748 
TEST 2 7 3 3  7 2 S  7 3 2  7 2 8  7 4 2  7_1_5 
TEST 3 N-l* N-2* N-3* 
TRIAL 3: AUGUST 5 - SEPTEMBER 4, 1955 
TEST 1 744 212 722 111 211 121 
TEST 2 74± J2§. 739 21Ê 111* 739* 744* 
TRIAL 4: MAY 31 - JULY 2, 1956 
TEST I P P P P P P P 
TEST 2 P P P PPPP 
* 
Fed scale-material inoculant. 
FIGURE 1. EXPERIMENTAL DESIGN FOR THE FOUR TRIALS SHOW­
ING THE NUMBER OF TEST COLONIES USED AT EACH 
TREATMENT LEVEL. THE UNDERLINED NUMBERS 
DESIGNATE THE COLONY NUMBER FROM WHICH THE 
NURSE BEES WERE TAKEN WHEN THE TEST COLONIES 
WERE MADE UP. TEST COLONIES ESTABLISHED 
FROM PACKAGES ARE DESIGNATED BY P 
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prevented the escape of the slightly larger queen. The queen of each 
test colony was transferred to five successive combs, each of which 
remained in the comb cage for a period of 48 hours. These combs 
were numbered from one to five. When the combs were removed from 
the cage, they usually contained on both sides a large number of eggs. 
These combs were then placed in the center of the test colony. 
The containers used for inoculating the test colonies were one-pint 
cans used by the package-bee industry for feeding honey bees while in 
transit. The perforations in the lids were standardized as to size and 
number of holes. These cans, when filled with 500 milliliters of inocu­
lating syrup, were inverted over the frames of the hive to allow the bees 
free access to the inoculant. Only one feeding was made. Usually the 
bees required 24 to 48 hours to empty the cans. 
The spores of Bacillus larvae were obtained from Dr. A. P. 
Sturtevant of Laramie, Wyoming. 
2. Stock 
A commercial line of hybrid honey bees and queens was used. In 
1955, at Ames, Iowa, test colonies were made up by dividing strong 
colonies. Young hybrid queens were introduced to these test colonies. 
At Brandon, Manitoba, in 1956, 14 two-pound packages of commercially 
available hybrid bees and queens were used to make up the test colonies. 
There was obvious justification for the use of hybrid honey bees in 
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the project. It is generally known that in honey bees there exists 
considerable variability just as in other animals. However, it was 
expected that hybrid honey bees would show more uniformity in 
behavior and in other characteristics. In addition, increased vigor and 
viability were expected in hybrids. Cale and Gowen (1956) have shown 
that hybrid queens have a greater oviposition rate and that their progeny 
produce higher honey yields than the parent inbred stocks. 
The underlined numbers in Figure 1 represent the colony number 
from which nurse bees were obtained to make up each test colony. In 
1955, nurse bees were obtained from 21 parent colonies. Some of 
these colonies were sufficiently strong to permit the establishment of a 
number of test colonies. For example, colony 728 produced nurse bees 
for Trial 1 Treatment 1, Trial 2 Treatments 2 and 4, and Trial 3 Treat­
ment 2. On the other hand, colony 731 provided nurse bees only for 
Trial 2 Treatment 5. In 1956, 14 packages of honey bees were used to 
establish the test colonies and, consequently, the colony source of the 
nurse bees was unknown. 
B. Methods 
On June 26, 1955, 13 five-frame test colonies were established at 
the Bee Farm of Iowa State College. Each of these was made up by 
shaking two to three pounds of bees from strong colonies into a test 
hive containing three empty white combs. These small colonies were 
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placed in an irregular pattern in a section of the Bee Farm and faced 
in different directions to minimize drifting. The entrances of these test 
colonies were reduced to one inch and covered with a piece of queen-
it • 
excluder material. This served a two-fold purpose: (1) to restrict 
normal flight and thereby discourage robbing by foreign bees; (2) to 
prevent possible escape or ejection of the queen from the test colony. 
The various treatment levels allotted to paired test colonies in 
Trial 1 were: 0v 5x10^, 5x10®, 1x10^, 1x10*^, and 1x10** spores in 
one-half liter of syrup. An extra test colony was installed as a pre­
cautionary measure should there be a loss. Since it was not needed as 
replacement, it was given the 5x10® spores treatment thus forming the 
third test for that treatment level. The duration of Trial 1 was approxi­
mately four weeks. 
On July 15, Trial 2 was initiated. This time, 15 test colonies 
were established and these were located in another area of the Bee 
Farm. The greater number of test colonies prepared for this trial was 
to make it possible to increase by tenfold the highest dosage level used 
:
.n Trial 1. This appeared desirable due to the low incidence of mortality 
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observed in Trial 1. This new high dosage level of 1x10 spores was 
prepared by the maceration of 400 scales of AFB. It was necessary to 
use scales of AFB as inoculating material rather than spore powder 
because of the limited amount of spore powder available. To ascertain 
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whether scale material collected at Ames, Iowa, compared favorably in 
virulence with the spore powder obtained from Laramie, Wyoming, a 
third test colony was added to both the lxlO^® and the lxlO** treatment 
levels. These two extra test colonies received inoculating suspension 
made from 4 and 40 scales of AFB which were estimated to contain 
1x10*"® and 1x10** spores respectively (Sturtevant, 1932). The 444 
scales of AFB necessary for the three extra test colonies were collected 
from a number of heavily diseased colonies in the apiary at Iowa State 
College. 
On August 4, 1955, Trial 3 was initiated. Thirteen test colonies 
were set up as previously outlined but in a different area. Paired test 
colonies for the lower four treatment levels received spore-powder 
inoculum as well as one test colony of the fifth and sixth treatment 
levels. The remaining test colony of the fifth and sixth dosage levels 
received 4 and 40 scales of AFB respectively. The unpaired test colony 
in treatment 7 was fed inoculum made with 400 scales of AFB. 
Trial 4 was set up on May 30, 1956. Fourteen two-pound packages 
of hybrid honey bees were hived on that date. Spore-powder inoculum 
was fed to both paired test colonies in Treatments 1 to 6 inclusively. 
Paired test colonies in Treatment 7 received a mixture of spore-powder 
and scale-material inoculum. 
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C. Calculation of Dosages 
Sturtevant (1932, p. 260) found that "in the majority of cases 100 
scales in 50 cc of water give approximately 5,000,000,000 spores per 
cubic centimeter. " From this information it may be inferred that one 
scale would contain about 2, 500, 000, 000 spores of Bacillus larvae. 
As a basis for preparing spore suspensions, Sturtevant states that 
0. 0446 gram of this powder dispersed in 10 milliliters of water yields 
about 500,000,000 spores per milliliter. Therefore, this amount of 
spore powder is the equivalent of two scales of AFB. All calculations 
for the various dosage levels were based on the above information. 
The amount of spore powder necessary for an entire trial was 
weighed and mixed with a small amount of water. Then, by a process 
of serial dilutions, the dosages needed were prepared. For example, 
in Trial 4 a total of 2.9410 grams of spore powder was weighed out, 
which, when mixed into 10 milliliters of water, gave about 32, 970, 852,000 
spores per milliliter. Of this suspension 6. 067 milliliters were used for 
both test colonies scheduled to receive the 1x10** spores treatment 
levels. Then, by a process of 1:10 serial dilutions, it was possible to 
measure the next lower dosage level. In all cases, the suspensions were 
added to 200 milliliters of water which was then stirred into 800 milli­
liters of syrup. This liter of infectious feed was finally divided into two 
equal parts and fed to the two test colonies. 
For the higher dosage levels where scale material was used instead 
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of spore powder, the calculations were based on Sturtevant's findings 
that one scale of AFB contains about 2, 500, 000, 000 spores. Thus, for 
the 1x10*^, the 1x10**, and the 1x10*^ spore levels the equivalent 
number of scales required was 4, 40, and 400, respectively. To 
achieve uniformity, these 444 scales were macerated in a Waring 
Blendor, filtered through cheesecloth, and finally suspended in 111 
milliliters of water. Each milliliter of this suspension, therefore, 
contained about 1x10*® spores of Bacillus larvae. One milliliter of this 
suspension was sufficient for the 1x10*® treatment level, 10 milliliters 
for the 1x10* * level and 100 milliliters for the 1x10*^ level. 
D. Recording the Data 
Samples of brood in the experimental combs were counted by means 
of a template. The base count was obtained when the honey-bee larvae 
were between 0 and 48 hours old. The larval stage was selected rather 
than the egg stage because counts during the latter are at times very 
unreliable. Eggs may fail to hatch due to environmental or genetic 
factors (Mackensen, 1951, 1955 ; Cale, 1952; Hitchcock, 1956). In 
addition, eggs may be ingested by worker bees (Myser, 1952). 
A second count was taken when the larvae were almost fully grown 
and capping of the cell was about to start or had, in a few cases, 
already started. This count gave an indication of the number of larvae 
removed at an early stage by the nurse bees. Furthermore, it gave 
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greater credibility to the final count. 
The third and final count was made on the eighteenth to the twentieth 
day after the eggs were laid. This count, which was made a day or two 
before the bees emerged, revealed the number of healthy and diseased 
larvae. It was necessary to uncap every cell in the area under obser­
vation in order to make this final count. 
The template used to make these counts was similar to the one 
designed and used by Thompson (1955). The template was made from 
stiff cardboard cut to the inside dimensions of a Hoffman frame. Three 
rectangular longitudinal areas measuring 15/16 inch by 6 7/8 inches 
were cut from the central area in such a way as to leave two strips of 
one inch each between the cut-out areas. A tabulating sheet was attached 
to this template by means of large paper clips. 
Sample counts usually consisted of the number of larvae seen in 
eight rows out of the 15 rows exposed by the three cut-out areas of the 
template. Usually four rows were counted on each side of the comb. 
When the brood pattern did not permit the selection of four rows on one 
side the deficit was made up by counting a larger number of rows on the 
other side. Each row consisted of about 33 to 34 cells. Therefore, a 
sample of about 265 to 270 cells was counted in each comb. During 
1955, a total of five sample combs was counted in each test colony. In 
1956, it was possible to make six sample comb counts. Data acquired 
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from the five or six combs were pooled for analysis. 
The spore-syrup mixtures were administered when comb No. 2 
was placed in the comb cage. The bulk of this spore-contaminated syrup 
was seen to be stored in a semi-circular band above the brood areas of 
combs No. 1 and No. 2. To ensure a readily available supply of 
infectious food, comb No. 3 was placed between the two first combs. 
When combs No. 4 and No. 5 were ready, they were placed to the left 
and right of comb No. 3. This arrangement ensured the availability of 
spore-laden food to the nurse bees from nearby combs. It was felt that 
it was very important to place the new combs containing larvae of 
susceptible age as near as possible to the source of infectious food. 
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IV. RESULTS AND DISCUSSION 
It was stated in a previous section that some strains of honey bees 
possess larval resistance to American foulbrood. Therefore, an approxi­
mate determination of the level of larval resistance in hybrid stock to be 
used in this study seemed desirable. To obtain this information, a 
limited preliminary experiment was performed. The technique involved 
was described in detail by Rothenbuhler and Thompson (1956). Essen­
tially, this involved the placing of a droplet of solution containing about 
50, 000 spores into the food of a number of approximately 24-hour-old 
larvae by means of a micro-syringe. The progenies of three 1955 
hybrid queens were tested in this manner. The results obtained in this 
preliminary experiment are shown in Table 1. 
The percents of surviving honey-bee larvae are shown in the last 
column of Table 1. Variation observed among the three queens when 
their progenies were fed water only was slightly less than ten percent. 
Such variability was not considered excessive. The pooled data yielded 
an average survival of 47. 25 percent. This compares favorably with 
results from three chartreuse queens which gave 47. 1 percent survival 
from data collected at about the same time in another study by Rothen­
buhler and Thompson (1956). This chartreuse line of honey bees was 
intermediate in larval resistance to AFB when compared to two other 
lines, one showing high larval resistance and the other showing low larval 
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Table 1. Results of resistance test carried out on honey-bee larvae 
from three hybrid queens in a preliminary experiment 
Treatment Larval Survival Percent 
count count 
Larval age 48 hours 15-17 days 
Queen 1 spore fed 45 16 35. 56 
water fed 66 59 89. 39 
Queen 2 spore fed 113 67 59. 29 
water fed 113 111 98. 23 
Queen 3 spore fed 115 46 40. 00 
water fed 104 103 99. 04 
Total of spore fed 273 129 47. 25 
Total of water fed (check) 283 273 96. 47 
resistance. Since the hybrid queens used in this experiment were a 
sample of the stock used in the main study, it was concluded that these 
hybrid bees possessed a fairly high level of larval resistance to AFB 
with some variation from queen to queen. 
A. Trial 1 
The results obtained in this trial of the main experiment are 
shown in Table 2. The figures in the first column represent the total 
number of young bee larvae, 0 to 48 hours old, observed in sample 
areas in the five combs of each test colony. The second column repre 
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Table 2. Trial 1. June 27 - July 26, 1955. Counts of immature bees 
and percentage of survival at three different stages of 
development when given six different treatments 
1st count 2nd count 3rd count 
Larval age 0-48 hours 5-7 days 15-17 days 
Healthy Disease 
Treatment 1: check 
Test 1 
Test 2 
Total 
999 
915 
1914 
Treatment 2: dosage 5x10^ 
Test 1 
Test 2 
Total 
934 
1000 
1934 
Treatment 3: dosage 5x10 8 
Test 1 
Test 2 
Test 3 
Total 
863 
915 
897 
2675 
Treatment 4: dosage 1x109 
892 (89. 3) 
866 (94. 6) 
1758 (91.8) 
885 (94.7) 
969 (96 .  9)  
1854 (95. 9) 
791 (91.6) 
875 (95. 6) 
875 (97. 5) 
2541 (95.0) 
848 (84. 9) 
834 (91. 1) 
1682 (87. 9) 
866 (92. 7) 
940 (94. 0) 
1806 (93. 4) 
764 (88. 5) 
857 (93. 7) 
851 (94.9) 
2472 (92. 4) 
0 
0 
0 
0 
0 
0 
0 
Test 1 
Test 2 
Total 
969 
972 
1941 
Treatment 5: dosage 1x10 
884 (91. 2) 
929 (95. 6) 
1813 (93. 4) 
10 
851 (87.8) 
906 (93. 2) 
1757 (90. 5) 
2 (0. 2) 
_0 
2 (0. 1) 
Test 1 
Test 2 
Total 
915 
903 
1818 
Treatment 6: dosage 1x10 
866 (94. 6) 
843 (93. 5) 
1709 (94.0) 
1 1  
831 (90.8) 
811 (89.8) 
1642 (90. 3) 
1 (0. 1) 
_3 (0. 3) 
4 (0. 2) 
Test 1 
Test 2 
Total 
836 
1045 
1881 
756 (90.4) 
945 (90. 4) 
1701 (90. 4) 
717 (85. 8) 
893 (85.4) 
1610 (85. 6) 
32 (3. 8) 
40 (3.8) 
72 (3. 8) 
22 
sents the total number of larvae observed in the same areas when the 
larvae were five to seven days of age. The figures are followed by 
the percentages, in parentheses, of bee larvae present, calculated 
from the first or base count. The values in the third column are the 
survivors counted prior to emergence of the adult honey bee. They were 
obtained on 15 to 17 day-old immature bees or, counting from oviposi-
tion, on the eighteenth to twentieth day of development. The percentages 
of surviving individuals, recorded in the third column, were calculated 
from the base count. The last column of figures and percentages indi­
cate the amount of disease observed when the third counts were made. 
Since nurse bees often remove diseased larvae from the combs, the 
amount of disease observed in a colony is an unreliable index of the 
degree of infection. Therefore, the amount of disease observed will 
not be used to evaluate treatment response. Rather, survival counts 
at the third stage will be used to assess treatment effect. 
The variation observed among the test colonies in each treatment 
was, to a certain extent, anticipated. Such variability may be due to 
numerous genetic or environmental factors, most of which may be 
difficult to control or evaluate properly. 
To obtain a better estimate of treatment effect, the results from the 
various tests in each treatment were pooled. These pooled survival 
percentages are presented graphically in Figure 2. Surprisingly little 
100 |  TRIAL I  TRIAL 2 TRIAL 3 TRIAL 4 
DOSAGE o o 6 o  o  
LEVELS o x x x x x If) If) — ^ — 
DATE JUNE 27 - JULY 26 JULY 16 — AUG. 14 AUG. 5 — SEPT. 4 MAY 31 — JULY 2 
1955 1955 1955 1956 
FIGURE 2. PERCENT OF HONEY-BEE LARVAE SURVIVING IN EACH TREATMENT LEVEL FOR 
EACH TRIAL 
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disease or larval loss was encountered in this first trial. It was hoped 
that the dosages employed would result in different levels of mortality. 
Cursory inspection of the data revealed no great variations due to 
dosage levels. Quite unexpectedly, the first four spore treatment 
levels showed higher survival than the check treatment. An analysis 
of variance, however, showed that this increased survival was unimpor­
tant since treatment effect was not significant at the 5 percent level of 
probability. To perform this analysis, the percentage data were trans­
formed to angles by the arc-sine transformation as advocated for 
binomial distributions by C. I. Bliss on pages 447 to 450 in Statistical 
Methods by Snedecor (1946). The analysis of variance for Trial 1 is 
shown in Table 3. 
In order to evaluate survival means properly for each treatment 
shown in Table 2, the confidence interval was calculated about each mean. 
Table 3. Analysis of variance of data from Trial 1 
Source of variation d. f. Sum of Mean 
squares squares F . 05 
Among treatments 5 79. 3909 15.878 1.97 3.97 
Within treatments 7 56.2884 8.041 
Total 1 2  135.6793 
25-26 
s 
The statistical formula, xtt , was used (Snedecor, 1946). 
The within treatment mean square from the analysis of variance was 
used for the standard deviation (s) in this formula. The confidence 
interval values about each angle mean were then retransformed to 
percentages as described on pages 449 to 450 in Snedecor's book. The 
mean survival percentage and its confidence interval are shown in Table 
4 for each treatment level and presented graphically in Figure 3. 
It may be observed that the confidence interval values for the check 
treatment overlap those of other treatment values. This observation 
may be regarded as a confirmation of the lack of significance obtained 
in the analysis of variance for the various treatment dosages used in 
Trial 1. 
In general, the responses obtained in Trial 1 for the various dosage 
levels indicate a very low incidence of mortality. Assuming that a small 
number of spores will initiate the disease in susceptible larvae (Wood-
row, 1942), such results as these may be explained on the basis of (1) a 
high larval resistance to the pathogen, (2) the reduction of spores due to 
the action of the honey stopper mechanism, or (3) the reduction of spore 
concentration of the inoculant as, for example, by a heavy nectar flow. 
These factors, and possibly others, seem to be present in this trial. 
The results recorded in Table 1 from the preliminary experiment 
performed in mid- summer 1955 indicate that the strain of bees used in 
21 
TRIAL I  
I H 
D O S A G E  
0 
5 X I07 
5XIO" 
1 X 10* 
I X 10'° 
I X 10" 
TRIAL 2  0 
5X10' '  
5X IO8 
I X I09 
I X 10'° 
I  X I O "  
i x io'2 
o 
TRIAL 3  
TRIAL 4  
. »  -
1 1 
1 1 
1 , 1 
• i 'i 
i ' i 
i • i 
; • i 
0 
5 X I 0 7  
5  X I O 8  
I X IO9 
I X 10'° 
1 X 10" 
I  X I O 1 2  
0 
5  X I O 7  
5X10* 
I X IO9 
I X 10'° 
I X 10" 
I X IO'2 
10 100 20 30 40 50 60 70 80 90 
PERCENT SURVIVORS 
FIGURE 3.  MEAN AND CONFIDENCE INTERVALS FOR 
EACH TREATMENT LEVEL 
28 
Table 4. Mean and confidence interval for treatments in 
Trial 1 
Dosage level Mean Confidence interval 
check 87. 8% 82. 4 - 93. 0 
5xl07 93. 4% 88. 7 - 96. 8 
5xl08 92. 4% 87. 7 - 96. 3 
lxlO9 90. 5% 85. 4 - 94. 9 
lxlO10 90. 3% 84. 9 - 94. 6 
lxl011 85. 6% 79. 3 - 89.9 
this study possessed a fairly high level of larval resistance to AFB. 
In regard to the honey stopper mechanism, every strain of bees possesses 
this mechanism but its efficiency in these hybrid bees was not evaluated. 
Information on nectar flow was obtained from three normal- sized 
colonies placed on platform scales and located in the same apiary. 
The average daily change in weight for these three colonies was tabu­
lated in the last column of Table 15 (in Appendix) and these daily changes 
in weight were presented graphically in Figure 4. It may be seen from 
Table 15 that the average net gain per colony was 44. 6 pounds. Such 
a large influx of fresh nectar very likely diluted the spore-laden syrup 
fed to test colonies. A more detailed study of this nectar flow shows 
that more than three-fourths of the total gain occurred during the first 
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week of Trial 1. It was at this precise time that the test colonies were 
being fed the inoculant. Although the test colonies were given a definite 
concentration of spores per milliliter, the heavy nectar flow undoubtedly 
diluted the spore content of the food supply. The heavy nectar flow 
combined with the relatively high larval resistance of these bees and 
the purported honey stopper mechanism apparently resulted in the high 
survival percentages observed in Trial 1. 
Meteorological data were recorded for the period of June 27 to 
July 15, 1955. Temperature and humidity were obtained from a hygro-
thermograph located at the site of these experiments. Weather condi­
tions during June 27 to July 15 were recorded because it was believed 
that honey-bee eggs and larvae would be most susceptible to environ­
mental changes during this time interval. These records reveal, as 
seen in Table 15, in the Appendix, that the average of the daily mean 
temperatures was 67. 5 percent. Also, Table 15 shows that six rain­
falls occurred which totalled 3. 85 inches of precipitation. In general, 
the weather during Trial 1 was near normal for that time of year. 
B. Trial 2 
The results obtained for the 15 test colonies in this experiment may 
be seen in Table 5. 
It may be observed in this table that scale-material inoculant 
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Table 5. Trial 2. July 16 - Aug. 14, 1955. Counts of immature bees 
and percentage of survival at three different stages of 
development when given seven different treatments 
1st count 2nd count 3rd count 
Larval age 0-48 hours 5-7 days 15-17 days 
Healthy Disease 
Treatment 1: check 
Test 1 291 228 (78. 3) 219 (75. 2) 0 
Test 2 857 638 (74. 4) 610 (71. 2) 0 
Total 1148 866 (75. 4) 829 (72. 2) 
Treatment 2: dosage 5x10^ 
Test 1 1014 945 (93. 2) 918 (90.5) 0 
Test 2 943 859 (91. 1) 837 (88. 7) 0 
Total 1957 1804 (92. 2) 1755 (89. 7) 
Treatment 3: dosage 5x10® 
Test 1 1099 890 (81.0) 851 (77.4) 0 
Test 2 1114 966 (86. 7) 933 (83.7) 0 
Total 2213 1856 (83. 9) 1784 (80. 6) 
Treatment 4: 
Q 
dosage 1x10 
Test 1 941 745 (79. 2) 712 (75.7) 0 
Test 2 853 530 (62. 1) 496 (58. 1) 0 
Total 1794 1275 (71. 1) 1208 (67. 3) 
Treatment 5: dosage 1x10*^ 
Test 1 908 672 (74. 0) 575 (63.3) 19 (2.1) 
Test 2 983 823 (83. 7) 764 (77.7) 1 (0. 1) 
Test 3 867 669 (77. 2 )  595 (68. 6) 7 (0.8) 
Total 2758 2164 (78. 5) 1934 (70. 1) 27 (1.0) 
Treatment 6: dosage 1x10* * 
Test 1 1094 808 (73. 8) 574 (52. 5) 97 (8.9) 
Test 2 917 573 (62. 5) 467 (50.9) 39 (4. 2) 
Test 3 619 380 (61. 3) 216 (34.9) 96 (15. 5) 
Total 2630 1761 (67. 0) 1257 (47.8) 232 (8. 8) 
Treatment 7: dosage 1x10* ^  
Test 1 1025 456 (44. 5) 257 (25. 1) 119 (11. 6) 
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(Test 3) compared favorably with spore-powder inoculant in Treatment 
5, the 1x10*® spore level. On the other hand, in Treatment 6, the 1x10** 
spore level, the scale-material inoculant (Test 3) produced a much 
greater mortality when compared to the spore-powder inoculant. 
The results obtained in Trial 2 are presented graphically in Figure 
2. One feature noted immediately in Figure 2 is the low survival 
percentage of the check treatment. It may be seen that the check 
trea„trnent survival percentage recorded for Trial 2 is considerably 
below that of Trial 1. It is difficult to reconcile these results without 
recourse to a study of environmental factors present at those time 
periods. Meteorological and nectar flow data were recorded, as pre­
viously stated, and these are presented in Table 16, in the Appendix. 
In the first column of Table 16, it may be observed that the average 
maximal temperature was 94. 8° F with several readings exceeding 
100° F. Such high temperatures could have led to overheating in some 
test colonies since they were located on a hillside, exposed to the hot 
afternoon sun, and had reduced entrances which restricted ventilation. 
Overheating could lower brood survival. Recent investigations in the 
same apiary by Dr. W. C. Rothenbuhler in 1957, during which brood 
counts were made daily, revealed high losses of spore-treated and 
check larvae in some colonies on certain hot days. Such sporadic 
overheating might be the major source of the variability in the lower 
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dosage levels. 
It was indicated in Trial 1 that nectar flow was the primary inter­
fering factor which contributed to the high survival values in all the 
treatments. If this factor was important in Trial 2, its effects have 
been obscured. The last column of Table 16 reveals a net gain of 24. 3 
pounds for the period of July 16 to August 3, 1955. This was consider­
ably below that recorded during the first trial. Therefore, it is assumed 
that nectar flow was not a major factor in the response obtained. Table 
16 also shows that the average of the mean relative humidities was 62. 5 
percent and that only 0. 09 inch of precipitation occurred during the 
period of greatest susceptibility of bee larvae treated in Trial 2. 
Humidity and precipitation do not appear important in relation to the 
results obtained. 
Another feature to be gleaned from Table 5 and Figure 2 is that 
Treatments 6 and 7, the 1x10 * * and 1x10* ^  spores dosage levels, 
greatly reduced survival of honey-bee larvae. Results obtained in this 
trial were subjected to an analysis of variance. The outcome of this 
analysis is shown in Table 6. 
It may be seen that the variation among treatments was highly 
significant. In order to determine which treatment levels were effective, 
the confidence intervals were calculated for each treatment mean. These, 
after retransformation to percentage data, are presented in Table 7 and 
illustrated in Figure 3. 
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Table 6. Analysis of variance of data from Trial 2 
Source of variation d. f. Sum of Mean 
squares squares F .05 .01 
Among treatments 6 1796. 8332 299.472 13. 28** 3. 58 6.37 
Within treatments 8 180. 3389 22. 542 
Total 14 1977. 1721 
**Highly significant. 
Table 7. Mean and confidence interval for treatments in Trial 2 
Dosage level Mean Confidence interval 
check 72. 2% 60.5 - 84.2 
5x10 7 89.7% 80.0 - 96. 3 
5xl08 80. 6% 69.0 - 90. 1 
lxlO? 67. 3% 54.0 « 79.1 
lxlO10 70. 1% 57. 1 - 81. 6 
lxlO11 47. 8% 32. 8 - 59. 5* 
lxlO12 25. 1% 14. 4 - 37. 6* 
'
f Beyond the check confidence interval. 
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A study of these confidence intervals reveals that Treatments 6 
and 7 were beyond the check treatment values and therefore significant. 
Apparently, these treatments were effective in reducing the survival 
percentages of exposed honey-bee larvae. 
•7 
Figure 2 illustrates that Treatments 2 and 3, the 5x10 and 
5x10® dosage levels, yielded survival percentages considerably better 
than that obtained in the check treatment. These results again suggest 
that these low dosage levels benefited the bee larvae in an unknown 
manner resulting in the higher survival values recorded. However, 
Figure 3 shows that Treatments 2 and 3 were not significantly different 
from the check treatment. 
C. Trial 3 
The results obtained in Trial 3 are tabulated in Table 8 and 
graphically presented in Figure 2. 
A preliminary survey of these results indicates that the check 
treatment survival percentage was almost intermediate to those obtained 
in Trials 1 and 2. From Figure 2, it is again apparent that the results 
of the four lower treatment levels approximate those of the check treat­
ment. On the same basis, the higher dosage levels, 1x10** and 
12 1x10 spores, appear to have been effective in reducing survival of 
12 honey-bee larvae. Indeed, the 1x10 treatment produced a very similar 
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Table 8. Trial 3. Aug. 5 - Sept. 4, 1955. Counts of immature bees 
and percentage of survival at three different stages of 
development when given seven different treatments 
Larval age 
1st count 2nd count 3rd count 
0-48 hours 5-7 days 15-17 days 
Healthy 
3 
Disease 
Treatment 1: check 
Test 1 605 522 (86. 3) 497 (82. 1) 0 
Test 2 866 700 (80.8) 664 (76. 7) 0 
Total 1471 1222 (83. 1) 1161 (78. 9) 
Treatment 2: dosage 5x10? 
Test 1 657 577 (87. 8) 560 (85. 2) 0 
Test 2 628 467 (74.4) 441 (70. 2) 0 
Total 1285 1044 (81. 2) 1001 (77.9) 
Treatment 3: dosage 5x10® 
Test 1 774 666 (86. 0) 634 (81.9) 0 
Test 2 412 365 (88. 6) 349 (84. 7) 0 
Total 1186 1031 (86.9) 983 (82. 9) 
Treatment 4: dosage 1x10^ 
Test 1 798 656 (82. 2) 630 (78. 9) 0 
Test 2 745 630 (84.6) 605 (81. 2) 0 
Total 1543 1286 (83. 3) 1235 (80. 0) 
Treatment 5: dosage 1x10*^ 
Test 1 889 827 (93.0) 793 (89. 2) 8 (0.9) 
Test 2 716 661 (92. 3) 600 (83. 8) 25 (3.5) 
Total 1605 1488 (92. 7) 1393 (86. 8) 33 (2.0) 
Treatment 6: dosage 1x10** 
Test 1 993 782 (78. 7) 570 (57.4) 15 (1.5) 
Test 2 799 545 (68. 2) 416 (52. 1) 47 (5.9) 
Total 1792 1327 (74.0) 986 (55.0) 62 (3. 5) 
Treatment 7: dosage 1x10* ^  
Test 1 785 414 (52. 7) 195 (24.8) 96 (12. 2) 
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result to that observed in Trial 2. 
These biological observations were evaluated by statistical 
methods. The survival percentages recorded for this trial were trans­
formed to angles, as previously described, and subjected to an analysis 
of variance test. Table 9 shows the results of this analysis. 
Table 9. Analysis of variance of data for Trial 3 
Source of variation d. f. Sum of Mean F • 0 5 .01 
squares squares 
Among treatments 6 1450. 7589 241.793 14.41 4.28 8.47 
Within treatments 6 100. 7004 16. 783 
Total 12 1551.4593 
*nCHighly significant. 
The F value obtained in Table 9 indicates that variation among 
treatments was highly significant. To determine which treatments 
were effective when compared to the control group, the confidence 
interval about each treatment mean was established as previously out­
lined. Table 10 shows the relationship of these confidence intervals 
when retransformed to percentage data. 
A study of Table 10 reveals that the confidence intervals for Treat­
ments 6 and 7, once again, were beyond the check treatment values. This 
may be more clearly observed in Figure 3, where these confidence 
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Table 10. Mean and confidence interval for treatments in 
Trial 3 
Dosage level Mean Confidence interval 
check 78. 9% 68. 7 - 88. 5 
5xl07 77.9% 67. 2 - 87.4 
5x10 8 82. 9% 73. 2-91.4 
lxlO9 80. 0% 69.3 - 88.9 
1x1010 86. 8% 77. 1 - 93.8 
1x10 11 55. 0% 42.4 - 66. 8* 
1x1012 24. 8% 15.0 - 36. 2* 
*Beyond the check confidence interval. 
intervals are illustrated. Apparently, Treatment 6 and especially 
Treatment 7 were effective in reducing the number of surviving 
honey-bee larvae. 
The possible effect of the environment for the period of August 5 
to August 23, 1955, may be studied from the recorded observations in 
Table 17, in the Appendix. The mean temperatures averaged 75. 2° F. 
The mean relative humilities averaged 58. 8 percent and, during this 
period a total of 0. 49 inch of precipitation was recorded. Nectar flow, 
indicated by the daily average weight change of three normal colonies 
on scales, showed a general lack of incoming nectar. During the period 
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of susceptibility of this trial these colonies lost an average of 10. 9 
pounds. This indicates that very little nectar was available at this 
time. It is therefore assumed that the inoculum fed to test colonies 
remained undiluted. Under these circumstances, the only interfering 
environmental factor during Trial 3 was possibly the high temperatures, 
as seen in the first column of Table 17, which could have caused some 
overheating due to restricted colony entrances and sunny hillside 
exposure. 
D. Trial 4 
The results obtained in Trial 4, which was carried out at Brandon, 
Manitoba, from May 31 to July 2, 1956, are shown in Table 11. The 
mean survival percentages for each treatment level are also illus­
trated in Figure 2. 
An outstanding feature to be observed in the results of Trial 4 is 
the rather small differences recorded for the first six dosage levels. 
The check treatment yielded 83.8 percent survival of bee larvae which 
seems to indicate that adverse environment was not a serious limiting 
factor during June 1956. By examining Figure 2, it would appear that 
only the 1x10*^ spores treatment level effectively reduced the survival 
of honey-bee larvae. 
The survival percentages recorded at the third count, in Table 11, 
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Table 11. Trial 4. May 31 - July 2, 1956. Counts of immature bees 
and percentage of survival at three different stages of 
development when given seven different treatments 
1st count 2nd count 3rd count 
Larval age 0-48 hours 5-7 days 15-17 days 
Healthy Disease 
Treatment 1: check 
Test 1 
Test 2 
Total 
1297 
1333 
2630 
1150 
1163 
2313 
(88. 7) 
(87. 2) 
(87. 9) 
1105 
1098 
2203 
(85. 2) 
(82.4) 
(83. 8) 
0 
0 
Treatment 2: dosage 5xl07 
Test 1 
Test 2 
Total 
1429 
1385 
2814 
1232 
1112 
2344 
(86. 2) 
(80. 3) 
(83. 3) 
1180 
1053 
2233 
(82. 6) 
(76. 0) 
(79.4) 
0 
0 
Treatment 3: dosage 5xl08 
Test 1 
Test 2 
Total 
1255 
1406 
2661 
1081 
1237 
2318 
(86. 1) 
(88. 0) 
(87.1) 
1037 
1180 
2217 
(82. 6) 
(83.9) 
(83.3) 
0 
1 
1 
(0. 1) 
(0. 05) 
Treatment 4: dosage lxlO9 
Test 1 
Test 2 
Total 
1222 
1273 
2495 
1059 
1034 
2093 
(86.7) 
(81. 2) 
(83.9) 
1002 
986 
1988 
(82.0) 
(77.4) 
(79.7) 
6 
1 
7 
(0.5) 
(0. 1) 
(0. 3) 
Treatment 5: dosage 1x10*0 
Test 1 
Test 2 
Total 
1436 
1362 
2798 
1196 
1121 
2317 
(83. 3) 
(82. 3) 
(82. 8) 
1153 
1057 
2210 
(80. 3) 
(77.6) 
(79.0) 
9 
7 
16 
(0.6) 
(0. 5) 
(0.6) 
Treatment 6: dosage lxlO11 
Test 1 
Test 2 
Total 
1460 
1376 
28 36 
1199 
1106 
2305 
(82. 1) 
(80.4) 
(81.3) 
1083 
1007 
2090 
(74. 2) 
(73. 2) 
(73.7) 
80 
31 
111 
(5.5) 
(2. 2) 
(3.9) 
Treatment 7: dosage 1x10*2 
Test 1 
Test 2 
Total 
1403 
1323 
2726 
983 
785 
1768 
(70. 1) 
(59.3) 
(64. 8) 
543 
410 
953 
(38.7) 
(31.0) 
(35.0) 
279 
175 
454 
(19.9) 
(13. 2) 
( 16. 6) 
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were transformed to angles and an analysis of variance was carried out, 
the outcome of which is shown in Table 12. 
Table 12. Analysis of variance of data for Trial 4 
Sum of Mean 
Source of variation d. f. squares squares F .05 .01 
Among treatments 6 336.6797 56.113 12. 29w 3. 87 7.19 
Within treatments 7 31.9560 4.565 
Total 13 368.6357 
^Highly significant. 
The variation among treatments, as shown in Table 12, was highly 
significant. To determine the effectiveness of the various treatment 
levels, the confidence interval was established about each treatment 
mean. These confidence intervals are presented in Table 13 following 
their retransformation to percentage values. 
From this table, and especially from Figure 3, it appears that 
Treatment 7 was very effective in reducing the percentage of surviving 
honey-bee larvae when compared to the check treatment. It was 
interesting to note that Treatment 6 also appears statistically signifi­
cant. Therefore, these results are similar to those recorded in Trials 
2 and 3 except that Treatment 6 survived to a higher extent in this trial. 
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Table 13. Mean and confidence interval for treatments in 
Trial 4 
Dosage level Mean Confidence interval 
check 83. 8% 79.0 - 88.1 
5xl07 79.4% 74. 2 - 84. 2 
5x108 83. 3% 78.4 - 87. 6 
lxlO9 79. 7% 74. 5 - 84. 4 
lxlO10 79.0% 73. 7 - 83. 8 
lxlO11 73. 7% 68.0 - 79.0* 
lxlO12 35.0% 29.0 - 40. 8* 
Beyond the check confidence interval. 
Climate and nectar flow data obtained during Trial 4 are recorded 
in Table 18, in the Appendix. The average of the mean daily tempera­
tures was 67. 6 F and 3. 70 inches of precipitation were measured. 
Colonies on platform scales indicated an average gain of 9. 9 pounds 
during this time interval. 
It may be recalled that nurse bees employed in this study were 
from the same commercial hybrid stock. Also, the spores of Bacillus 
larvae used had a common source. This being the case, the major 
part of variation observed in the four trials was probably due to 
environmental factors. To illustrate the effect of environment, 
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Treatments 1 to 6 within each trial were combined, and the overall 
survival percentages for each trial are graphically presented in Figure 
4. Since temperature and nectar flow have appeared to be important 
factors affecting dosage response, these are also depicted in this figure. 
Figure 4 illustrates the relationships among temperature, nectar 
flow, and survival of honey-bee larvae obtained in each trial. The 
height of each bar represents pooled survival percentages, whereas 
the width of the bar as shown in Figure 4, represents the periods of 
susceptibility of the honey-bee larvae in each trial. Environmental 
factors such as temperature and nectar flow are of much less importance 
after the larvae are sealed in their cells prior to pupation. It may be 
noticed that the last column is slightly wider than the first three. This 
is because six experimental combs were used in Trial 4, whereas only 
five combs were tabulated in Trials 1, 2 and 3. The upper graph in 
Figure 4 represents maximal daily temperatures as supplied from 
Tables 15, 16, 17 and 18. This shows that near the end of the period of 
susceptibility in Trial 2 the temperature was excessively high. The 
lower graph in Figure 4 represents nectar flow and it may be seen that 
a large influx occurred at the beginning of Trial 1. This likely contrib­
uted to dilution of the inoculant resulting in the greater survival values 
observed. Future investigations should eliminate these variables in 
order to obtain more accurate dosage response information with bee 
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colonies. 
In order to evaluate the effect of treatment levels without regard to 
environmental factors, the data from the four trials were pooled with 
respect to the seven treatments. This summary of treatment effect is 
presented in Table 14 and Figure 5. 
Table 14. Summary of treatment effect obtained by pooling the four 
trials 
Treat­ Dosage 1 st count 3rd count Disease 1 
i 0 0 
ment no. level (basic) Number Percent Number Percent 
1 0 7163 5875 82. 02 0 0. 00 
2 5xl07 7990 6795 85. 04 0 0. 00 
3 5xl08 8735 7456 85. 36 1 0. 01 
4 lxlO9 7773 6188 79. 61 9 0. 11 
5 1x1010 8979 7179 79. 95 80 0. 89 
6 lxlO11 9139 5943 65. 03 477 5. 22 
7 lxlO12 4536 1405 30. 97 669 14. 75 
Total 54315 
Table 14 shows the number of honey-bee larvae observed at the 
first count, the number observed at the third count followed by a 
calculation of the percentage survival, and the amount of disease 
observed with its percentage. It is interesting to note that although 
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good survival percentages were obtained at the 5x10® dosage level, one 
cell of disease was found. Therefore this dosage level was sufficient 
to cause the disease. It may be recalled from a previous section that 
Sturtevant (1932) stated that from his investigations the minimal 
infective dose was about 50,000,000 spores. In the present study the 
minimal infective dose was determined to be 5x10® spores, or ten times 
greater than that reported by Sturtevant. 
Table 14 and Figure 5 also show that the 1x10*1 and 1x10*^ spores 
treatment levels substantially reduced the number of surviving honey­
bee larvae. It may be pointed out, for Treatment 7, that only 30. 97 
percent of exposed honey-bee larvae survived this dosage level. Future 
studies should attempt to reduce this percentage still further. 
A noteworthy feature of this study is the high number of spores 
required to reduce survival percentages appreciably. This may be seen 
at the 1x10** spores treatment level in Table 14 and Figure 5. This 
sudden reduction in survival rate would appear to indicate a threshold 
effect or level at which colony resistance is overcome. Apparently, 
such a feature has not been heretofore described for colonies of honey 
bees although similar reactions have been in evidence in other organisms. 
The analogy of honey bees to other organisms is possible if the colony 
is considered as a muti-cellular organism with individual larvae and 
adults as cells and the three castes (workers, queen and drones) as 
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constituent organs. In this case, this study may be related to others, 
notably those of Schott (1932), Hetzer (1937), Johnson and Leach (1940), 
and Meynell (1957). These four investigators employed various dosage 
levels of a pathogen to create an infection in mice. Their results also 
suggest the existence of a threshold effect beyond which survival 
decreased rapidly. 
The final feature noted in this study relates to the higher survival 
values obtained in Treatments 2 and 3 when compared to the check 
treatment. This was observed in Trials 1, 2, and (with one treatment 
only) in Trial 3. These superior survival percentages may be seen in 
Figures 2 and 5. Since statistics have revealed that these deviations 
were non- significant, little or no importance should be attached to 
them. However, it is interesting to note that such a reaction is not an 
unknown phenomenon in biology. Webster (1952) reported in a study on 
paratyphoid-enteritidis of mice in which low dosages resulted in higher 
survival values than the checks. Such a response to low or sub-lethal 
dosages may be similar to the stimulatory effect which is well-known 
in bacteriology (Smith and Conant, 1957). Here, when a low concen­
tration of a disinfectant is applied to a bacterial culture, a stimulation 
in the growth curve is sometimes achieved. At greater concentrations, 
bacteriostasis occurs and finally, at still higher concentrations, a 
bactericidal effect is obtained. In this study, of dosage response of 
honey-bee larvae to Bacillus larvae spores, the superior survival 
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percentages obtained at sub-lethal concentrations of the pathogen may­
be due to a number of factors. If future studies should prove the 
existence of such a beneficial effect, some possible hypotheses are 
that it may be due to an antibiotic or a nutritional effect of the spores 
and/or material adhering to them. 
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V. SUMMARY 
Fifty-f ive test colonies of honey bees, Apis mellifera L. , were 
subjected in four distinct trials, to one of seven dosage levels of spores 
of Bacillus larvae White, causal organism of American foulbrood. The 
treatments were: 0, 5x10^, 5x10**, 1x10^, 1x10^, 1x10 ^ \ and 1x10*^ 
spores administered in one-half liter of sugar syrup. A total of 54, 315 
honey-bee larvae were observed periodically during the course of their 
development to determine whether or not they survived. 
No adverse effect was observed at the 5x10^ and 5x10® spore levels. 
Treatments 4 and 5, the 1x10^ and 1x10^ spore levels, produced only a 
very small percentage of infection which did not lower survival signifi­
cantly. On the other hand, Treatment 6, the 1x10 * * spore level, was 
effective in substantially reducing survival percentages of honey-bee 
larvae. The apparent high number of spores necessary to reduce 
substantially the percentage of surviving bee larvae suggested the 
presence of a threshold effect. The highest dosage level used in this 
12 
study, 1x10 spores, gave a 30. 97 percent survival. 
A number of interesting features were observed during the four 
experiments which were conducted at different times of the year under 
normal colony conditions. The first was that certain environmental 
factors, particularly nectar flow and high temperatures, had considerable 
influence on the incidence of mortality. The second feature was a 
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suggestion in the data that sub-lethal concentrations of the pathogen might 
have a beneficial effect on the survival rate of honey-bee larvae as 
compared to spore-free checks. The third and last feature indicated in 
this study was that the minimum infective dose appeared to be 10 times 
greater than previously expressed. 
Future investigations under controlled conditions and at higher 
dosage levels should be attempted in order to obtain a more accurate 
and a more complete picture of dosage response of honey-bee colonies 
to Bacillus larvae inoculations. 
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VIII, APPENDIX 
Table 15. Meteorological and honeyflow data for the period of June 27 to July 15, 1955. Ames, 
Iowa 
Relative Precipi­ Honey­
Temperature humidity Sky tation flow 
Date Max. Min. Mean Max. Min. Mean condition in inches gain 
June 27 83 59 71. 0 88 49 68. 5 P. cloudy 4. 2 
28 83 58 70. 5 87 47 67. 0 overcast . 02 5.5 
29 75 63 74. 0 88 68 78. 0 overcast 9. 5 
30 89 69 79. 0 88 51 69. 5 P. cloudy . 87 10. 3 
July 1 88 62 75. 0 84 42 63. 0 clear 3. 7 
2 90 71 80. 5 85 48 66. 5 clear 2. 1 
3 93 72 82. 5 89 38 63. 5 clear 3. 3 
4 93 68 80. 5 88 42 65. 0 overcast T 2. 2 
5 87 66 76. 5 88 52 70. 0 overcast . 34 -0. 2 
6 80 66 73.0 88 66 77. 0 overcast . 08 -1.9 
7 92 68 80. 0 72 50 61. 0 P. cloudy 2.4 
8 95 78 86. 5 88 42 65. 0 overcast T 1. 5 
9 89 65 77. 0 89 45 67. 0 clear -0. 3 
10 88 66 77. 0 87 52, 69. 5 P. cloudy .44 0. 0 
11 86 70 78. 0 87 54 70. 5 P. cloudy 2. 10 -0. 6 
12 87 63 75. 0 90 40 65. 0 clear 0.4 
13 92 58 75. 0 89 36 62. 5 P. cloudy 1.9 
14 92 60 76. 0 87 40 63. 5 P. cloudy 0. 7 
15 81 62 71. 5 88 50 69. 0 overcast T - 0 .  1  
Total 3. 85 44. 6 lbs. 
Average 87. 5 65. 5 76. 7 86. 8 48. 0 67. 5 
Table 16. Meteorological and honeyflow data for the period of July 16 to August 3, 1955. 
Ames, Iowa 
Relative Precipi­ Honey­
Temperature humidity Sky tation flow 
Date Max. Min. Mean Max. Min. Mean condition in inches gain 
July 16 82 62 72. 0 87 50 68. 5 . overcast .01 -0. 4 
17 85 59 72. 0 89 42 65. 5 clear 2. 6 
18 90 58 74. 0 88 38 63. 0 overcast 1. 8 
19 90 63 76. 5 87 42 64. 5 P. cloudy 2. 2 
20 92 69 80. 5 90 43 66. 5 P. cloudy 2. 0 
21 94 68 81. 0 90 42 66. 0 clear 3. 3 
22 98 68 83. 0 90 34 62. 0 clear 
23 91 69 
o
 
o
 
00 
89 37 63. 0 clear 0. 7 
24 87 57 72. 0 91 38 64. 5 clear 1. 3 
25 93 60 76. 5 89 34 61. 5 clear 3. 1 
26 99 75 87. 0 77 33 55. 0 clear 2. 1 
27 102 74 88. 0 89 31 60. 0 clear 2. 7 
28 101 66 83. 5 87 31 59. 0 clear 3. 1 
29 100 69 84. 5 88 34 61. 0 P. cloudy 0. 9 
30 104 70 87. 0 87 28 57. 5 clear 0. 5 
31 104 73 88. 5 90 30 60. 0 P. cloudy . 08 -0. 8 
Aug. 1 98 72 85. 0 89 38 63. 5 clear 0. 6 
2 95 65 
o
 
o
 
00 
88 41 64. 5 clear -0. 8 
3 96 70 83. 0 89 34 61. 5 clear -0. 6 
Tot al . 09 24. 3 
Average 94. 8 66. 7 80. 7 88. 1 36. 8 62. 5 
Table 17. Meteorological and honeyflow data for the period of August 5 to August 23, 1955. 
Ames, Iowa 
Re lative Precipi­ Honey­
Temperature humidity Sky tation flow 
Date Max. Min. Mean Max. Min. Mean condition in inches gain 
Aug. 5 92 69 00
 
o
 
in
 
90 44 67. 0 P. cloudy T -0. 5 
6 92 70 81. 0 88 45 66. 5 clear -0. 6 
7 87 62 74. 5 90 26 58.0 P. cloudy r: -2. 0 
8 84 55 69. 5 90 35 62. 5 clear -0.9 
9 82 53 67. 5 88 48 68. 0 overcast -1. 1 
10 92 65 78. 5 90 20 55. 0 P. cloudy -0. 5 
11 89 49 69. 0 92 25 58. 5 P. cloudy -1.2 
12 90 47 68. 5 92 21 56. 5 clear - . -0. 7 
13 90 46 68. 0 92 21 56. 5 clear -0. 8 
14 93 46 69. 5 92 23 57. 5 clear -0. 4 
15 96 50 73. 0 89 22 55. 5 overcast . 04 0. 2 
16 96 60 78. 0 91 21 56. 0 overcast . 03 -0. 8 
17 100 54 77. 0 91 21 56. 0 clear -0. 2 
18 99 57 78. 0 90 25 57. 5 clear -0. 3 
19 100 62 81. 0 72 28 50.0 clear 0. 0 
20 99 72 85. 5 86 28 57. 0 clear -0. 2 
21 101 65 83. 0 91 31 61. 0 P. cloudy . 41 0. 0 
22 92 60 76. 0 91 28 59. 5 clear T -0. 5 
23 90 52 71.0 90 28 59. 0 clear -0. 4 
Total 0. 49 -10. 9 
Average 92. 8 57. 6 75. 2 89. 2 28.4 58. 8 
Table 18. Meteorological and honeyflow data for the period of May 31 to June 20, 1956. 
Brandon, Manitoba. 
Relative Precipi- Honey-
Temperature^ humidity Sky tation flow 
Date Max. Min. Mean Max. Min. Mean condition in inches gain 
May 31 78 40 59. 0 clear 0.  0  
June 1 80 34 57. 0 clear -0. 7 
2 88 52 70. 0 clear -0. 2 
3 85 59 72. 0 P. cloudy . 02 0. 6 
4 82 58 70. 0 overcast 1. 2 
5 85 56 70. 5 P. cloudy . 83 0. 3 
6 67 56 61. 5 overcast . 6 4  0.  0  
7 76 49 62. 5 clear 0. 2 
8 81 54 67. 5 clear i o
 
N
 
9 92 61 76. 5 clear 2. 1 
10 94 63 78. 5 P. cloudy . 0 5  2. 8 
11 93 67 78. 5 clear . 04 2 . 5  
12 77 58 67. 5 overcast . 05 I. 8 
13 81 52 66. 5 Not available clear 
00 o
 
1 
14 72 46 59. 0 clear 
r—
< O
 
I 
15 72 43 57. 5 P. cloudy . 11 -0 .  1 
16 81 55 68. 0 P. cloudy . 0 4  - 0 .  8  
17 85 66 75. 5 clear 0. 2 
18 84 51 67. 5 overcast 1 . 9 2  0. 8 
19 74 58 66. 0 overcast 3. 2 
20 81 55 68. 0 clear - 1 .  7  
Total 3. 70 9. 9 
Average 8 1 .  3  54. 0 6 7 .  6  
